INTRODUCTION
============

The primary goal of cleft palate repair is the achievement of optimal feeding and normal speech while minimally effect maxillary growth and development \[[@b1-acfs-2018-02082]\]. To achieve normal speech, the patients must have the ability to completely velopharyngeal port that separates the oro and nasopharynx. The absence of this ability, this disorder is referred to as velopharyngeal insufficiency (VPI), defined as an anatomical or structural defect result from inadequate closure of the velopharyngeal valve. Although the cleft palate operation is successful, 5% to 40% of cleft palate patients present abnormal speech resonance because of residual anatomical structural abnormalities \[[@b2-acfs-2018-02082]\].

Surgical management of VPI has been attempted since first reported by Passavant in 1865 \[[@b1-acfs-2018-02082]\]. He reported that the direct adhesion of the soft palate to the posterior pharyngeal wall. The pharyngeal flap was introduced by Sheonborn in 1875 and this flap was popularized in United States by Pagett in 1930 \[[@b3-acfs-2018-02082]\]. Several modification of pharyngeal flap has been focused on minimizing nasal emission and preventing airway obstruction \[[@b4-acfs-2018-02082],[@b5-acfs-2018-02082]\].

Hynes \[[@b6-acfs-2018-02082]\] introduced sphincter pharyngoplasty in 1950. Since his first introduction, numerous modification have been made to sphincter pharyngoplasty and it is a useful surgical method for correcting VPI \[[@b7-acfs-2018-02082],[@b8-acfs-2018-02082]\]. Orticochea modified lower flap inset and inclusion of inferior based pharyngeal flap in 1968 \[[@b9-acfs-2018-02082]\]. Jackson and Silverton \[[@b7-acfs-2018-02082]\] reported the combination a sphincter pharyngoplasty with a superior based pharyngeal flap. Riski et al. \[[@b8-acfs-2018-02082]\] reported the higher fixation of the myomucosal flap to posterior pharyngeal wall that was located the point of velar contact.

PATIENT EVALUATION
==================

The most common cause of VPI in cleft palate patient is insufficient length of palate, inadequate levator veli muscle sling and cicatricial contracture of velum \[[@b10-acfs-2018-02082]\]. Other causes of VPI included submucosal cleft palate, neurogenic VPI that caused by the cranial nerve inadequately innervate the velopharyngeal mechanism and iatrogenic VPI caused by maxillary resection, uvulopalatopharyngoplasty or adenoidectomy \[[@b11-acfs-2018-02082]-[@b17-acfs-2018-02082]\].

Speech evaluation
-----------------

It is very important that the patient with suspected VPI should be evaluated by speech pathologist before considering surgical procedure. Preoperative perceptual speech evaluation conducted by one of two speech pathologists, both of whom had greater than or equal to 10 years of experience in our clinic. We use the perceptual speech evaluation was performed using the universal parameters and rating system \[[@b18-acfs-2018-02082]\]. This system consisted of hypernasality, hyponasality, nasal emission, articulation errors, intelligibility and presence of compensatory articulation such as glottal stop, pharyngeal stop or pharyngeal fricatives. Hypernasality was graded on a numeric scale as follows: the normal is grade 0, the mild hypernasality is grade 1, the moderate hypernasality is grade 2, and the severe hypernasality is grade 3 \[[@b18-acfs-2018-02082]\]. Interrater and intrarater reliabilities were investigated using weight kappa statistics to assess observer variability in measuring hypernasality \[[@b19-acfs-2018-02082]\].

Instrumental evaluation of the velopharyngeal function
------------------------------------------------------

There are several diagnostic modalities to evaluate the dynamic function of velopharyngeal port and its closure pattern. The three basic closure patterns of velopharyngeal port are as follows: (1) coronal, the posterior movement of the velum is mainly contributed to close of velopharyngeal port, with minorly medial displacement of lateral pharyngeal wall; (2) sagittal, the medial displacement of lateral pharyngeal wall is mainly contributed to close of velopharyngeal port, with minorly posterior movement of the velum; (3) circular, the posterior movement of the velum and the pharyngeal wall contribute to close of velopharyngeal port.

Nasoendoscopy evaluation is a flexible endoscope inserted through the middle meatus and located the upper part of velopharyngeal port to provide visualizing the velopharyngeal mechanism while the patient phonates a sample speech. Nasoendoscopy provides the information of the size and location of velopharyngeal gap and relative contribution of the velum, lateral pharyngeal wall and posterior pharyngeal wall while velopharyngeal port is closing.

Recently, magnetic resonance imaging (MRI) is more popularly used in VPI evaluation. It can provide the information about the anatomy of velopharyngeal mechanism. The major advantage of MRI is noninvasive evaluation technique to avoid radiation hazard in VPI patients \[[@b20-acfs-2018-02082]\]. However, it cannot provide the precise images without motion related artifact while the patient phonates the sample speech \[[@b20-acfs-2018-02082],[@b21-acfs-2018-02082]\]. It is expected that MRI will provide a more precise and better tolerated evaluation of the velopharyngeal mechanism through the further development of technology in the future.

Nasometery can provide the objective evaluation of the acoustic energy occurred form nasal cavity while the patients phonate the sample speech \[[@b22-acfs-2018-02082]\]. Nasometery consists of headset with two microphones located in the front of nose and mouth and two microphones are separated with metallic plate to isolate acoustic energy from nasal and oral cavity. It represents the proportion of nasal/total acoustic energy emission as nasalance scores comparing with normal speech data \[[@b23-acfs-2018-02082]\]. Although nasometery provides the pure objective evaluation of acoustic energy, it can provide the most comprehensive speech evaluation when it combine with the perceptual speech evaluation by speech pathologist \[[@b24-acfs-2018-02082]\].

OPERATIVE PROCEDURE
===================

Furlow palatoplasty (double opposing Z-plasty)
----------------------------------------------

Furlow reported the double opposing Z-plasty technique for repairing cleft palate in 1986 \[[@b25-acfs-2018-02082]\]. This technique changed the abnormal inserted levator veli muscle into a more anatomic, posterior and transverse position and it can provide adequate the levator sling and sufficient length of velum \[[@b25-acfs-2018-02082],[@b26-acfs-2018-02082]\]. The major advantage of this technique is that it can be applied in all VPI patients regardless of the primary palatoplasty technique. The most common drawback in double opposing Z-plasty is like to occur the inadequate palatal length or levator muscle function. The optimal function of levator muscle can be reconstructed by the removal scar tissue surrounding levator muscle.

Overlapping intravelar veloplasty with oral Z-plasty
----------------------------------------------------

This technique was reported by Woo et al. \[[@b27-acfs-2018-02082]\] in 2014 and it is detailly described as follows. Briefly, the levator veli palatine musculature is released and separated from surrounding muscular attachments and is continuedly dissected until its origin is encountered. The oral Z-plasty was performed and the levator are overlapped on each other, with both ends anchored to the body of the opposite muscle \[[@b27-acfs-2018-02082]\]. He argued that his technique is a safe and effective procedure for the management of VPI and the results of his technique can be achieved favorably velopharyngeal competence postoperatively comparing with Furlow palatoplasty \[[@b27-acfs-2018-02082]\].

Pharyngeal flap
---------------

There are many factors, that are contributed to poor outcomes and persistent VPI in spite of secondary palatoplasty, include poor lateral pharyngeal wall movement, abnormal muscular action and an obtuse basicranium. To overcome poor results, Shprintzen et al. \[[@b5-acfs-2018-02082]\] advocated the high and wide flap in spite of its technical difficulties because of limited visualization. However, if the width of flap is wide, the donor site is healed by secondary intension. A endotracheal tube is located in each port to prevent postoperative scar contracture between the lateral pharyngeal wall and the lateral aspect of the pharyngeal flap and is removed in 1 week after surgery.

The most serious complication of pharyngeal flap is airway obstruction. Several articles have been reported that airway obstruction after pharyngeal flap conducted \[[@b28-acfs-2018-02082]-[@b31-acfs-2018-02082]\]. A prospective randomized study reported Dexamethasone (0.25 mg/kg), administered for three does over 24 hours, decreases the incidence of postoperative airway distress \[[@b32-acfs-2018-02082]\]. Moreover, if the patient have velocardiofacial syndrome, the medial displacement of internal carotid artery can be occurred \[[@b33-acfs-2018-02082]-[@b35-acfs-2018-02082]\]. This anatomical anomaly of velocardiofacial syndrome may disturb the width of proposed pharyngeal flap or can be provoked unpredicted significant intraoperative complications.

Sphincter pharyngoplasty
------------------------

We performed sphincter pharyngoplasty as described by Orticochea \[[@b9-acfs-2018-02082]\] in 1968. We modified Orticochea sphincter pharyngoplasty that combined posterior pharyngeal wall augmentation using acellular dermal matrix. Briefly, under general anesthesia, the posterior wall of the pharynx was exposed with the aid of Dingman gag retraction. The exposure was increased by stitching a rubber catheter, passed through the nose, to the uvula and pulling it anteriorly into the nasopharynx \[[@b36-acfs-2018-02082]\]. An incision is made along the anterior mucosa of the posterior tonsillar pillar. The vertical fibers of the palatopharyngeal muscle are dissected bluntly from the transverse fibers of the superior pharyngeal constrictor \[[@b37-acfs-2018-02082]\]. The palatopharyngeal muscle has considerable substance and as much of it as possible should be elevated, avoiding any shredding of its fibers. The distal attachments of the palatopharyngeal myomucosal flap are divided. If there is good quality muscle in it, the flap immediately contracts.

A transverse incision is then made on the posterior pharyngeal wall through mucosa and muscle, connecting the upper limits of the two vertical defects created by the elevation of the palatopharyngeal muscle. This incision should coincide approximately with the level of the soft palate. The distal end of palatopharyngeal myomucosal flaps are sutured to each other, end to end, with absorbable sutures. The anterior edge of the palatopharyngeal myomucosal flap is sutured to the lower limb of the incision on the posterior pharynx. After we inserted acellular dermal matrix, the inferior edge of flap is sutured to the upper limb of incision, completing the formation of the sphincter.

When we perform sphincter pharyngoplasty, the highest inset point of palatopharyngeal myomucosal flap is the base of the adenoid gland, because the adenoid gland cannot provide secure fixation. If the patient have the low positioned adenoid gland, the inferior adenoidectomy should be performed to obtain the desired inset level, as the same level of velopharyngeal closure, of palatopharyngeal myomucosal flap. At least 6 weeks after inferior adenoidectomy, the posterior pharyngeal wall can provide the adequate healing to allow the secure fixation of myomucosal flap.

The sphincter pharyngoplasty has two advantages. First, it creates the dynamic structure to help the velopharyngeal closure. Second, if the patient persist hypernasality in spite of performing sphincter pharyngoplasty, the revision procedure, such as the reelevation and further overlap of the palatopharyngeal myomucosal flap, is simple procedure so, the persisted hypernasality easily can be resolved.

Author's preferred algorithmic approach
---------------------------------------

The VPI surgical management is selected based on the closure pattern and gap size of velopharyngeal port. If the patient have the sagittal closure pattern and small gap of VP port, the only overlapping intravelar veloplasty with oral Z-plasty sufficiently can be resolved VPI. If the patient have the sagittal closure pattern and intermediate or large gap of VP port, the superior based pharyngeal flap is recommended. After pharyngeal flap, this patient have the low incidence of airway obstruction because the good movement of lateral pharyngeal wall prevent airway complications. If the patient have the coronal closure pattern and small or intermediate gap of VP port, the sphincter pharyngoplasty is recommended. If the patient with the poor movement of lateral pharyngeal wall is treated by pharyngeal flap, the incidence of airway obstruction is increased. When the patient have the coronal closure pattern and large gap of VP port, it is very challenging case in VPI treatment. If the patient have these conditions, we recommend the combined overlapping intravelar veloplasty with oral Z-plasty and sphincter pharyngoplasty. When the patient have the circular closure pattern of VP port, we consider the gap size of VP port. If the patient have the small gap of VP port, the overlapping intravelar veloplasty was recommended and, if the intermediate or large gap, the pharyngeal flap was recommended ([Table 1](#t1-acfs-2018-02082){ref-type="table"}).

We prefer the sphincter pharyngoplasty to the pharyngeal flap except in cases of velocardiofacial syndrome because the sphincter pharyngoplasty is easily able to revise when the patient have the persistent hypernasality.

CONCLUSIONS
===========

VPI is a common complication after primary palatoplasty. Although the several surgical treatment of VPI have been introduced, there is no consensus guide to select the optimal surgical treatment for VPI patients. The selection of surgical treatment for VPI depends on a multimodal patient evaluation, such as perceptual speech evaluation, nasometery and nasoendoscopy. We can provide more adequate treatment for VPI through the deeper understanding of anatomy and physiology in VPI.
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Author's preferred algorithmic approach

  VP port closure pattern   VP gap size                  Preferred surgical treatment                                               
  ------------------------- ---------------------------- -------------------------------------------------------------------------- ------------------------------------
  Sagittal                  ![](acfs-2018-02082i1.jpg)   Small and intermediate                                                     Overlapping IVV with oral Z-plasty
                            Large                        Superior based pharyngeal flap                                             
  Coronal                   ![](acfs-2018-02082i2.jpg)   Small and intermediate                                                     Sphincter pharyngoplasty
                            Large                        Combined overlapping IVV with oral Z-plasty and sphincter pharyngoplasty   
  Circular                  ![](acfs-2018-02082i3.jpg)   Small                                                                      Overlapping IVV with oral Z-plasty
                            Intermediate or large        Superior based pharyngeal flap                                             

VP, velopharyngeal; IVV, intravelar veloplasty.
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